Computer animation in the past decade has become one of the most noticeable features of technology-based learning environments. By its definition, it refers to simulated motion pictures showing movement of drawn objects, and is often defined as the art in movement. Its educational application known as educational computer animation is considered to be one of the most elegant ways for preparing materials for teaching, and its importance in assisting learners to process, understand and remember information efficiently has vastly grown since the advent of powerful graphics-oriented computers era. Based on theories and facts of psychology, colour science, computer animation, geometric modelling and technical aesthetics, this study intends to establish an inter-disciplinary area of research towards a greater educational effectiveness. With today's high educational demands as well as the lack of time provided for certain courses, classical educational methods have shown deficiencies in keeping up with the drastic changes observed in the digital era. Generally speaking, without taking into account various significant factors as, for instance, gender, age, level of interest and memory level, educational animations may turn out to be insufficient for learners or fail to meet their needs. Though, we have noticed that the applications of animation for education have been given only inadequate attention, and students' personality types of temperaments (sanguine, choleric, melancholic, phlegmatic, etc.) have never been taken into account. We suggest there is an interesting relationship here, and propose essential factors in creating educational animations based on students' personality types. Particularly, we study how information in computer animation may be presented in a more preferable way based on font types and their families, colours and colour schemes, emphasizing texts, shapes of characters designed by planar quadratic Bernstein-Bézier curves. The study has found out that both choleric-melancholic and phlegmatic-sanguine gained the lowest and the highest percentages in selection of different colour groups as cool, warm, and achromatic. We have experimentally confirmed the theory of Nabiyev & Ziatdinov (2014) which reports that planar quadratic Bernstein-Bézier curves with monotonic curvature function may be not aesthetic. Finally, based on the survey results, we have clarified how school students understand the fundamental principles of computer animation. We look forward that this study is likely to have wide benefits in the field of education. Developing educational materials with the aid of obtained empirical results, while considering the personality types of students' temperament, seems to be a promising avenue to improve, enrich and deepen the learning process in order to achieve its maximum effectiveness.
Introduction
be followed for developing educational computer animations for use in high schools of Turkey, where computer science or informatics classes may not even exist.
Our work has the following novelties:
 For the first time in computer-assisted learning we have proposed a way for developing educational computer animations based on fundamental personality types of human temperament;  We have experimentally analysed how fundamental principles of traditional computer animation are understood by school students;  We examined the relationship between personality type and preference for popular fonts and font families, text emphasis, colour and shape, which are known as the fundamental elements of a computer animation.
Temperament based learning
In this section, we discuss the work which has been done in this field. The influence of temperament mainly within the context of the family and school on the development of school-age children was examined by McClowry (1992) . In line with this, she presented examples of how nurses may use temperament theory when advising caretakers. Temperament theory (McClowry, 1992) serves as a guide for the nurses in assessing children's behaviour. Graham (1995) offered recommendations in carrying out temperament-based intervention for parents alone or for both the parents and teachers. She concluded that "acknowledging temperament-based guidance would show that each child has a particular behavioural style that contributes to his or her development and to the social environment". Jong et al. (2013) stated that the posture and muscle loading of the body is significantly affected by various different interactive gaming controllers. It has been argued that the period of exposure to the interactive gaming controllers affects the success in using the game for the purposes of learning. Jong et al. (2013) aimed to explore the different behavioural responses based on the different temperaments regarding mathematical game play by comparing the touch-based and gesture-based interactive devices among 119 kindergarten participants. The results indicated that the touch-based interaction (TBI) group compared to the gesture-based interaction (GBI) group performed better with respect to numerical counting in both games. It also showed that with all the dimensions of temperaments, persistence was the only one which had positive correlation to TBI. In other words, TBI was more favoured over GBI for kindergarten children. Jong et al. (2013) added that more emphasis on TBI would be a great move for e-learning designers.
Recently, Ali (2007 Ali ( , 2008 discussed the development of software tools for online teaching that enables a tutor to control the psychological state of students in the process of testing, and developed the mathematical model of a dual system of testing consisting of three parts: lectures, tests, and teaching program. This shows that a temperamentbased teaching approach finds some applications in e-learning. Li et al. (2007) , adopting the Eysenck Personality Questionnaire (EPQ) (Eysenck, 1958) , conducted a survey with 1620 student participants. Students were categorized based on their year level respectively: primary 5, junior secondary 2 and senior secondary 2. They found a significant correlation between personality types according to the EPQ and maths achievement. Both psychological factors and mathematics achievement have become a major area of study, and the relationship between them is strong. Although there are some scholars who think that personality does not have a great impact on academic achievement of students (Gao, 1994) , others believe that temperament is an important factor (e.g. Li, 1994 , 1996 , Qiaorongning, 2003 , Li et al., 2004 ) Li et al. (2007 defined superior and inferior temperaments in terms of achievement in maths. Superior temperament-based students are those who have sanguine, sanguine-phlegmatic and phlegmatic types of temperament; they are the ones who benefit from learning mathematics. Benefitting refers to how students learn mathematics easily. Students who are choleric, cholericmelancholic and melancholic which are considered inferior temperaments do not benefit from learning mathematics. Li et al. (2007) stated that in mathematics education, one should recognize students' temperament differences which indeed affect learning mathematics.
The four temperament types
In this section, we discuss the four temperament types shortly. We compare temperament types by their general descriptions, wonderful characteristics and unpleasant traits.
Direct discussion of the temperament types without looking at their roots would be a great mistake. Thus we would like to shortly describe how today's temperament types came to be. Technically, "temperament" from the Latin word "temperare" meaning "to mix" has a long history, from the ancient time of Greek physician Hippocrates (460-370). Galen (AD 131-200) pioneered the first typology of temperament and gave the names "sanguine", "choleric", "melancholic" and "phlegmatic". These four were the temperamental categories named after bodily humours. We can easily see and understand these four temperaments by looking at Table 1 and their emotional representation shown in Fig. 1 . Hans Eysenck initially theorized personality as two dichotomies; extraversion/introversion and neuroticism/stability.
Extraversion/Introversion
Assertive, outgoing, sociable and talkative are only a few characteristics of extraversion. Based on Eysenck's arousal theory of extraversion, performance failure is due to one's inability to meet the ideal (optimal) level of cortical arousal. The person who does less or more than the desired optimal level ends up with under-performance. Brain waves, skin conductance or even sweating is used to measure arousal. Performance is low when the levels of arousal are very low and very high, however, performance is maximized at a more optimal mid-level of arousal. Therefore, according to Eysenck's theory, extraverts are chronically under-aroused and bored. In line with this, for extraverts to bring out the optimal level of performance, external stimulation is needed. Conversely, introverts are in need of peace and calmness to bring out the optimal level of performance. They are chronically over-aroused and nervous: that is why they need to be content from inside.
Neuroticism/Stability
Depression and anxiety are high levels of negative affect which define neuroticism or emotionality. Based on Eysenck's theory, the activation threshold of the visceral part of the brain or the sympathetic nervous system is neuroticism. The part of the brain tasked for the fight-or-flight response in case of danger is the sympathetic nervous system. Blood pressure, cold hands, heart rate, muscular tension and sweating measure the activation. A negative effect of fight-or-flight is experienced by those who have low activation thresholds in the case of minor stressors. In addition, since they are unable to inhibit their emotional reactions, they are easily nervous or saddened. These people are the neurotic ones. In the case of those who have high activation thresholds, they are the ones who have good emotional control. They are emotionally stable people. Nevertheless, when faced with very major stressors, they experience negative effects.
These two initial concepts, define four quadrants; stable extraverts, unstable extraverts, stable introverts, and unstable introverts. Human temperaments fall into these quadrants.
Moving on to the main discussion, there are four temperament types, namely: sanguine, choleric, melancholic and phlegmatic (Tab. 1). Each of the four types of humour is matched to a different personality type. 
Methods

Research design
The experimental part of this research was conducted in Yaşar Acar Science High School, Beylikdüzü, Istanbul, Turkey. The participants were 240 students: 111 male and 129 female students between 14-17 years old [mean (M) = 15.53, standard deviation (SD) = 1.31]. The data was collected through a survey which consists of three parts. The first part is demographic information, the second part is the Eysenck Personality Questionnaire (EPQ), and the third part includes principles of animation.
Data Collection
Surveys were applied to 252 volunteer students in December, 2013, and were administered to students in one class period and it took approximately 20 minutes. After data were collected, it was determined that 12 students' surveys were incomplete or answered without reading carefully. Thus, these data were excluded from the study.
Participants
The participants' demographic information is given in Table 2 below: 
Analysis of data
Purpose and frequency of computer use Table 3 below shows the results gathered partly from the survey regarding how frequently the students use computers and for what purpose. Working with 2D/3D animation programs, working on programming language, working with different software are only a few of the selections given to the students. Then they were given choices such as very often, often, sometimes, seldom and never to indicate how frequently they do this. The results are as follows: 65% connect to the internet, 38.34% listen to music and 5.84% work with different software very often. 37.50% examine educational materials, 37.08% study and do homework sometimes. They rarely use computers to develop projects (31.76%) or play games (22.10%). The rest (28.75%) never use computers to develop projects, don't work with any different software (31.76%), programming language (69.16%), or animation software (73.75%). When we examine the means of students' answers, it is seen that working with 2D and 3D animation software ( ̅ =1.51) and programming languages ( ̅ =1.61) have the lowest means. Connecting to the Internet ( ̅ =4.5) has the highest mean. In this sense, it is seen that students use the Internet for different purposes rather than developing their computer skills.
When we categorize items under three aspects as research, acquisition of information and games-entertainment, it can be seen that games-entertainment category ( ̅ =3.53) has the highest mean (Table 4 ). The lowest mean belongs to the category of using computers to acquire information ( ̅ =2.67).
Pearson Chi-Square significance value ( 2 χ ) was 0.440 for font preference between genders. According to this result, there isn't a statistically significant difference among most preferred fonts by students according to gender.
The font style preference between genders was 2 χ  0.140, this means that there isn't a statistically significant difference among the most preferred font styles according gender. The font preference based on computer education was 2 χ  0.825, so there isn't a statistically significant difference in the distribution of the most preferred fonts according to whether students had computer education or not. The font style preference between whether students had computer education or not was 2 χ  0.438, so there isn't a statistically significant difference in the distribution of font style preference according to whether students had computer education or not. The font preference between having a computer or not was 2 χ  0.468, this means, there isn't a statistically significant difference in the distribution of the most preferred fonts according to whether students had a computer or tablet or not. The style preference between having a computer or not was 2 χ  0.414, this means there isn't a statistically significant difference in the distribution of most preferred styles according to whether students had a computer, tablet or not.
Participants' personality types
In this sub-section, we analyze our data according to personality types of human temperament. Computations were done in MS Excel 2007 (Liengme, 2009 ) and where necessary SPSS (Griffith, 2010) was used. The number of participants in this study is 240. After completing a survey partly based on Eysenck Personality Questionnaire (EPQ), the results are shown in Fig. 2 and Fig. 3 . Looking at Fig. 2 , 27% percent of the participants have a sanguine type of personality which is obviously the highest of them all. While on the other hand, a cholericsanguine type of personality has the fewest students (1% only). The frequencies of other personality types are shown in Table 5 .
Moreover, mixed types of temperaments (i.e. choleric-melancholic, phlegmatic-sanguine, melancholic-phlegmatic and choleric-sanguine) are fewer compared with the main type of temperaments (i.e. sanguine, phlegmatic, melancholic and choleric) as illustrated in Fig. 2 . Therefore, there are only a few of the participants who fall into the mixed types of temperaments. According to our analysis of the 240 participants, 52.50% are emotionally stable, 43.33% are emotionally unstable, while the rest (4.17%) are neutral. The grade point average (GPA) of all the students in relation to temperament is shown in Table 5 . Participants' GPA ranges from 67 to 94 (mean = 83.28, SD= 5.31) and 88% of the students have a GPA of at least 80.
While Li et al. et al. (2007) was defining sanguine, phlegmatic and phlegmatic-sanguine students as superior types in studying mathematics, our research shows that in general education all the personality types have approximately equal academic achievements 1 .
1 Here, we do not take into account the only student with choleric-sanguine personality type. With the findings of emotional stability, the extraversion and introversion of participants were studied. These terms are clearly discussed in the third section of this manuscript. Looking at data gathered (Figs. 6-7 ) the percentage of extraverts (45.50%) and introverts (43.33%) slightly differ. 4.17% of the studied students are found to be neutral. 
Font and emphasis comprehension
In this sub-section, the font and emphasis comprehension result is studied. The results were obtained from a survey partly based on the students' choice of favourite fonts (here we only focus on some of popular fonts) and emphasis on the text, and the results are shown in Table 6 and Figs 8-9. Fonts, as is commonly known, are divided into two main families: sans serif and sans. The results shown in Table 7 illustrate that sans serif and sans slightly differ. Among the given choices of fonts in the survey, Times New Roman, Calibri and Cambria are the three most frequently fonts. Times New Roman, belonging to Sans serif family, received 28.87% while Calibri and Cambria, both from Sans families received 14.23% and 12.55% respectively. Our result has shown that Sans serif family fonts have a total of 50.63% percentage of choice, and the Sans family has 49.37%. In conclusion, Sans serif and Sans are used almost equally in our research.
The emphasis of texts is sub-divided into bold, italic, highlight and underline. The results have shown that out of 240 students, a majority of them favoured bold with 62.50%, while italic 17.92% and highlight 14.17% were less favoured. Underline accounts for 5.42%. Figs. 8-9 show the results of both font choice and text emphasis. 
Colours and colour schemes Colours
The paper continues to look into the subjects' (students') temperament with the corresponding colours they chose as part of the survey's questions. Students' were given the chance of naming their two favourite colours. In this study, colour selection or groupings were divided into three: warm, cool and achromatic colours. Warm colours are red, yellow, pink, maroon, orange, light red and golden yellow. Cool colours on the other hand are blue, green, violet, navy blue, turquoise, light green, ice blue, dark navy blue, aquamarine and magenta. Black, white, gray, cream and dark gray are achromatic colours. The study did not limit them on their choice of colours. The results have shown 20.44% of all the 240 students favoured blue, followed by black (16.48%), green (10.77%) and so on. Table 7 shows all results gathered. Overall results shown in Table 7 illustrate the percentage of warm (23.47%) and achromatic (25.49%) colours slightly differ. The sum of warm and achromatic colours was almost equal to the percentage of cool colours (50.77%). Fig. 10 gives another view of the obtained results. 
Colours and personality types
Additionally, the study compared the percentage of cool, warm and achromatic colours with the respective temperaments. Table 8 shows how each personality type has chosen the colour groups. Analyzing the maximum and minimum percentage of colour groups pertaining to the personality types has shown the following results: for cool colours, the maximum percentage is 30.43% (choleric-melancholic) and the minimum percentage is 17.39% (phlegmatic-sanguine). For warm colours the maximum percentage is 60.87% (phlegmaticsanguine) while the minimum percentage is 39.31% (choleric-melancholic). The maximum percentage in achromatic colours is 30.43% (choleric-melancholic) and the minimum percentage is 21.74% (phlegmatic-sanguine). Based on the above results, both choleric-melancholic and phlegmatic-sanguine gained the lowest and highest percentages in different colour groups. Tables 9-15 show the results of different personality types based on colour selection. We restrict the result by frequency >5%. The results have shown that, blue is the most chosen colour by most of the personality types followed by black and green.
Colours schemes
After the tested students wrote their two favourite colours, we analyzed them based on different colour schemes, namely: complement, triadic, analogous and split-complementary colour schemes (Williams, 2012) . The tested students selected 23 different colours in total. This means, that following well-known rules of combinatorics (Brualdi, 2010) we can consider Our results have shown that for sanguine students who like blue and green, red can be added, in order to achieve a triadic colour scheme and visual harmony. Out of the 3542 possible combinations computed in CAS Maple for the triadic, analogous and split-complementary colour schemes our data have shown only one combination (i.e. blue, green, and red) present in the sanguine personality type. For the other personality types, none of the mentioned colour schemes exist. For two colours, on the other hand, with 253 possible combinations, our data have shown the same complementary colours -blue and yellow, green and violet. In regard to mixed temperaments, complementary colour schemes were not found.
Differences in selecting colours by personality types
The correlation between different personalities' colour selection is shown in Table 16 . According to our research there are personality types which differ with colour choice such as choleric-sanguine and phlegmatic-sanguine. The correlation between them is 0.51. Moreover, a similar situation exists between melancholic and choleric-melancholic (0.62), sanguine and choleric-melancholic (0.69), and there are also some which correlate almost as a whole. For instance, the correlation between sanguine and phlegmatic colour selection is 0.93, phlegmatic and melancholic colour selection is 0.93 and so on. This shows that colour choice similarity between them is high. Table 16 shows more detailed results. 
MelancholicPhlegmatic
CholericSanguine
It is noted that since choleric-sanguine has only one student, necessary computations and correlations were not computed.
Geometric Shapes
Vector shapes created by means of B-splines and Bernstein-Bézier curves are one of the most important tools in computer animation. They allow us to create objects with different topologies, and are mostly studied in areas like computer aided geometric design (CAGD) (Farin, 2002) and computational mathematics. However, for creating animations with impressive characters, generating visually pleasing shapes plays an important role. The research work of Nabiyev & Ziatdinov (2014) notes that planar quadratic Bernstein-Bézier curves with monotonic curvature function (known as an aesthetic curve) may not be aesthetic, and in this sub-section we have empirically confirmed this. Tested students were selecting five visually pleasing ones among 24 Bernstein-Bézier curve segments of different topology, and the overall results of this part of our survey are shown in Fig. 11 . In our survey, students were asked to choose five curve segments out of 24. All planar curves were divided into three different types: MC-curves , curves with central symmetry, and other Bernstein-Bézier curves. The colours of the graph represent the three curves respectively: red for the MC-curves, green for curves with central symmetry and blue for other curves. The results in Fig. 11 have shown polygon 54, belonging to the curves with central symmetry, has the highest percentage of 8.67%. Polygon 14 with other curves followed having 7.90%. While polygon 31 belonging to MC-curve gathered only 4%. With an overall computation, MC-curves were selected 22%, while curves with central symmetry, 21%, and other curves were selected with 57%. Here, we can conclude that monotonicity of a curvature function as in MC-curves does not guarantee that a curve segment is visually pleasing. Table  17 show these cases. Fig. 12 . Sanguine. Fig. 13 . Phlegmatic. Fig. 18 . Melancholic-phlegmatic. Fig. 19 . Choleric-sanguine. It is noted that since choleric-sanguine has only one student, necessary computations were not carried out.
In Table 17 it is shown that the difference between the frequency of MC-curves selected by choleric (11%) and melancholic-phlegmatic (10%) is only one percent and it's not significant. Obtained results suggest that cholericmelancholic students are attracted most by MC-curves and curves with central symmetry among all the personality types, but choleric students show opposite results. The cells filled with red are the maximum frequency of the selected curve. While those which are filled with blue are the minimum.
Computer animation principles
This sub-section analyses the results gathered from the last part of the survey regarding the eleven principles of traditional computer animation (Lasseter, 1987) : squash and stretch, timing, anticipation, staging, follow through and overlapping action, straight ahead action and pose-to-pose action, show in and out, arcs, exaggeration, secondary action and appeal. Students were asked eleven multiple type questions, and the following results were obtained. 45,85% Table 18 shows that the maximum and minimum frequencies of correctly selected questions correspond to mixed personality types (except for choleric-sanguine as it was mentioned in previous sections). At the age of 14-17 school students are not aware of the fundamental principles of computer animation, so obviously, these questions were answered by their own logical understanding. The overall average frequency of correct answers was 44,42%. The results shown in Table 18 of overall frequencies of correctly selected questions illustrate sanguine (52.82%) as the highest temperament type while melancholic-phlegmatic (38.27%) on the other hand has the least. Among all the studied personality types, melancholic-phlegmatic students have shown the least readiness in understanding the fundamental principles for creating computer animations, on the other hand sanguine and phlegmatic-sanguine students were the best. In general, main and mixed personality types were giving correct answers similarly. There are some aspects like exaggeration in computer animation, and only 19% of students were able to understand it.
Limitations
 The results of our survey have shown that we had only one choleric-sanguine personality, so this mixed personality type was not studied in as much detail as others;  We have not studied in detail how different personality types prefer an object to be moved on their screens, and what should be the topology of used paths. This would be a very important variable since animation is known as the art of movement.
We believe that these remarks should be taken into account in our future work or by other researchers who find them important to be considered in temperament-based learning.
Conclusion and future work
The aim of the current work was to establish an inter-disciplinary field of research towards greater educational effectiveness where psychology, colour science, computer animation, geometric modelling and technical aesthetics intersect. Our research was based on a survey which was conducted among school students aged 14-17. For the first time in computer-assisted learning we have proposed a way for developing educational computer animation based on fundamental personality types of human temperament. Our experimental analysis has shown how fundamental principles of traditional computer animation are understood by school students. In addition, we have found that both choleric-melancholic and phlegmatic-sanguine students gained the lowest and highest percentages in selection of different groups of students' favourite colours (warm, cool, and achromatic). The students' choices of aesthetic shapes used in computer animation were used to experimentally confirm the theory of Nabiyev and Ziatdinov (2014) which reports that planar quadratic Bernstein-Bézier curves with monotonic curvature function may not be aesthetic. Finally, we have shown that choleric-melancholic students are attracted most by MC-curves and curves with central symmetry among all the personality types, but choleric students are attracted by other BernsteinBézier curves. The present study believes that it is likely to have wide benefits in the field of education. Considering the personality types of students' temperament in designing educational computer animations with the aid of gathered empirical results might be a promising avenue to enhance the learning process.
We envisage potential applications of our findings in learning graphic design. Our research has shown that different personality types perceive the shapes in different ways, and this can be used as a tool to communicate pictorial messages to the audience in a more efficient way. One of the other future directions can be studying relationships between personality types and their achievement in social sciences and arts. All these questions will be studied in our future manuscripts.
